Abstract: The introduction of exotic mollusk species has resulted in loss of biodiversity in semi-arid neotropical aquatic ecosystems. This study aims to relate the presence and density of Corbicula largillierti species to human disturbance, providing data for the conservation and management of aquatic ecosystems. Specimens were collected at Epitá cio Pessoa reservoir in December 2011 and June 2012, presenting densities of 20.96 and 62.89 individuals per square meter, respectively. Anthropic disturbance metrics were calculated considering the presence, type and intensity of disturbance in littoral, riparian and flood zones. The occurrence of C. largillierti was mainly associated to the variables total phosphorus (261.05 ± 342.22 mg/L) and total nitrogen (440.79 ± 103.77 mg/L), near to tributaries. The occurrence of exotic mollusk species is evidence of the need for freshwater ecosystem conservation and management, particularly in reservoirs used for water supply. Keywords: Corbiculidae, anthropic disturbance, environmental quality. Resumo: A introduc¸ão de espécies exó ticas de moluscos resulta em perda de biodiversidade em ecossistemas aquáticos semiáridos neotropicais. Este estudo tem o objetivo de relacionar a presenc¸a e densidade da espécie Corbicula largillierti ao distú rbio humano, fornecendo dados para a conservac¸ão e manejo de ecossistemas aquáticos. Os espécimes foram coletados no reservató rio Epitácio Pessoa em dezembro de 2011 e junho de 2012, com densidades de 20,96 e 62,89 indivíduos por metro quadrado, respectivamente. Métricas de perturbac¸ão antró pica foram calculadas considerando a presenc¸a, tipo e intensidade de perturbac¸ão nas zonas litorânea, ribeirinha e de inundac¸ão. A ocorrência de C. largillerti esteve associada às variáveis fó sforo total (261,05 ± 342,22 mg/L) e nitrogênio total (440,79 ± 103,77 mg/L), em locais pró ximos aos afluentes. A ocorrência de espécies exó ticas de moluscos evidencia a necessidade de conservac¸ão e manejo de ecossistemas de água doce, principalmente em reservató rios utilizados para abastecimento de água. Palavras-chave: Corbiculidae, distúrbio antrópico, qualidade ambiental.
Introduction
Biological invasions threaten native species, as they modify interspecific interactions, community structure and ecosystems' natural processes (Emer & Fonseca 2011) , and thus are considered the second main cause of biodiversity loss on a global scale .
Potentially invasive exotic species typically present high growth rates, ability to develop in a wide range of habitats and high ecological plasticity . Considering that 10 to 20% of exotic species become invasive (Mcclaughlin 2002) , the development of better tools for determining in advance where introduced species might become a threat is of the utmost importance. Identifying geographical distribution and the environmental factors which determine the occurrence of exotic species and forecasting species expansion are important conservation strategies (Oliveira et al. 2010 , Jackson & Britton 2013 .
Freshwater bivalves are among the exotic species with high invasion potential. They have been found in ecosystems worldwide , Franco et al. 2012 , Wittmann et al. 2012 . Three species of such bivalves from south-eastern Asia reached the neotropic ecozone during the 1960s: Corbicula fluminea (Muller 1774), Limnoperna fortunei (Dunker 1857) and Corbicula largillierti (Philippi 1844) (Darrigran 2002) . Since then, these species have invaded several aquatic ecosystems in South America. C. largillierti belongs to the Corbiculidae family (Bivalvia, Heterodonta, Veneroida), originary to China's Yangtze Kiang lake system . In South America, it was recorded for the first time on the La Plata River, on the outskirts of Buenos Aires, during the 1960s (Ituarte 1981) . In Brazil, it was initially recorded on the Mato Grosso Pantanal (wetlands) (Callil & Mansur 2002) , and on the Sinos River basin at Rio Grande do Sul (Mansur & Pereira 2006) , followed by recordings in hydrographical basins at Minas Gerais, Espírito Santo, Santa Catarina and northeastern Brazil (Ceará ) (Silva & Barros 2011 and Paraíba (Azevêdo et al. 2014) .
Stronger presence of exotic species in aquatic ecosystems is usually associated with human disturbance and lower environmental quality (Olenin et al. 2007) . Some species are highly tolerant to physical and chemical variations, and colonize new habitats in reservoirs as they present high reproduction rates and adapt easily to different types of environment (Ruse 2010) . In this semi-arid region, aquatic ecosystems present particular dynamics because of the following features: (1) distinct climatic and geomorphological characteristics; (2) highly variable precipitation both in time and in space; (3) low temperature variation (temperatures above 25°C); (4) high potential evapotranspiration, which promotes hydric deficit for about nine months per year; (5) shallow soil; (6) hydrographic basins with intermittent flow; and (7) deciduous vegetation coverage at the Caatinga biome (Barbosa et al. 2012) .
Another issue that threatens conservation is the emerging diversion of water from the Sã o Francisco River (born in Minas Gerais and extends by the states of Bahia, Sergipe, Alagoas and Pernambuco) to Paraíba River (state of Paraíba), a project by the Federal Government. Local ecological impacts, such as increased total phosphorus concentrations and proliferation of green algae are imminent (Li et al. 2013 ). In addition, the change of direction of the water will change the regime of flooding of the Paraíba River, from flood periods variables to permanent flooding, potentially causing loss of habitat and native fauna (Kingsford 2000) , such as fish, birds and benthic macroinvertebrates.
These features strongly influence aquatic ecosystems, adding to the anthropic effect, which needs the development of management plans accommodating the human use of the watershed (Pereira et al. 2013) . In order to assess the interaction between human activities and the characteristics of habitats on the littoral zone of reservoirs, the United States Environmental Protection Agency (US-EPA) has developed a protocol for evaluating physical habitats (US-EPA 2011 . This protocol enables the calculation of disturbance metrics for reservoirs' riparian and flood zones by considering both the extension and the intensity of anthropic disturbances (Kaufmann et al. 2014a , Kaufmann et al. 2014b ).
This study relates to the presence and density of C. largillierti in Paraíba River's hydrographic basin with human disturbances, thus providing information that can be used in other reservoirs to establish management and conservation programs.
Material and Methods
The study area comprised the Epitá cio Pessoa reservoir in the Paraíba River hydrographic basin, part of the Brazilian semi-arid region. This region's annual pluviometric index is typically lower than 400 mm, with an aridity index of up to 0.5 and a drought risk over 60%. Also, the Brazilian semi-arid region has an area of 969.589.4 km 2 and a population of over 22 million people, and is the world's most populated semi-arid region (Pereira-Junior 2007) . The Epitá cio Pessoa reservoir (7°28'4''-7°33' 32'' S, 36°8'23'' -36°16'51'' W) was built in 1956 and has a hydric capacity of over 418 million m 3 , its residence time is three to five years (AESA 2013) because of long dry periods, which favours the retention of nutrients and sediments from its drainage basin (Freitas et al. 2011) .
C. lagillierti specimens were collected in sediment samples from 20 sampling sites in the reservoir's littoral zone with a Van Veen grab sampler (477 cm 2 ) in December 2011 and June 2012, periods with higher and lower water volume, respectively. Taxonomic identification was performed according to shell characterization provided by Mansur et al. (2004) and Pereira et al. (2012) . Identified material was later stored at the Laboratory of Malacology and Molecular Systematics at Universidade Federal de Minas Gerais (lots 3582 and 3583).
In order to apply the physical habitat characterization protocol, the methodology provided by Kauffman et al. (2014a Kauffman et al. ( , 2014b was used. For each of the 20 sampling sites, the protocol was applied along 150 meters of the river bank, on ten consecutive 15 meter wide transects, thus adding up to 200 applied protocols, 10 for each site. Each sampling unit was composed of continuous littoral (15 x 10 m), riparian (15 x 15 m) and flood (15 x Y m) zone sections, where Y stands for flood zone length, which varied according to the bank angle at each site (Figure 1 ). Disturbance metrics were calculated according to the method applied by the US Environmental Protection Agency (Kaufmann et al. 2014a , Kaufmann et al. 2014b . For this study, human disturbance extension and intensity indices were calculated for the riparian zone (RDix_IX, Riparian human disturbance index) and the flood zone (RDix_IX inund). Twelve types of disturbance or human activities were considered for the riparian disturbance index (RDix_IX). Four of these were related to agriculture (plantation, pasture, orchard, parks/grasslands) and eight represented other activities which cause disturbance (buildings, commerce, ramp/artificial beach, docks/boats, walls/dams, garbage/debris, roads/railways, transmission lines). Disturbance metrics weighted disturbance according to its location in relation to the site as follows: absent disturbance had weight 0.0, disturbance inside the site had weight 1.0 and disturbance adjacent to the site had weight 0.5. The obtained values were then used for calculating a weighted mean. Metric indices presented final values which ranged from zero to one, with lower values representing low disturbance and higher values pointing to more intense disturbance. Flood zone metrics were calculated in the same manner. As there were two values for each site (riparian and flood zones), an arithmetical mean was calculated in order to obtain a single value using each zone's index (riparian zone and flood zone indexes).
Some variables were measured to assess water quality: temperature, pH, electrical conductivity, turbidity, oxygen, total dissolved solids, and salinity, these measurements were performed with the aid of a multi-analyzer Horiba/U-50 and water transparency using the Secchi disk. Nutrient concentration, total phosphorus (P-total), orthophosphate (PO 4 ), total nitrogen (N-total), nitrate (NO 3 ), nitrite (NO 2 ), ammonia (NH 4 ) and alkalinity were analysed according to the Standard Methods for the Examination of Water and Wastewater (APHA 2005). Granulometric composition was assessed by sieving, according to the methodology provided by Suguio (1973) and modified by Callisto & Esteves (1995) . Sediment organic matter percentages were determined by gravimetric analysis.
Using the disturbance metrics of riparian and flood zones was performed a cluster analysis by using Euclidean distance. The metric values were the same for December 2011 and June 2012, because the evaluated human disturbances not show significant changes in such/short period of time, different from the physical and chemical parameters. After the formation of sampling site groups composed of disturbance metrics, a PERMANOVA (Dissimilarity/distance-based analysis of univariate or multivariate data in response to ANOVA experimental/sampling designs; Anderson 2001 , Anderson & Braak 2003 was performed. Another PERMANOVA analysis was used to evaluate the differences between environmental variables between the years 2011 and 2012. This analysis assesses whether formed groups differ significantly. A single factor was selected: anthropogenic disturbance (with two levels: greater disturbance and lesser disturbance); with 999 permutations and a significance level (a r 0.05). In order to identify which environmental variables influenced C. largillierti distribution, distance-based linear models were applied (DistLM) (Legendre & Anderson 1999 ). This analysis assesses the relation between one or more predictive variables for a group of biological data from a dissimilarity matrix. To determine variables, the ''Best'' test was performed. This test relates environmental variables to community structure by eliminating spatial effects; thus, the method searches for the best subgroup of environmental variables capable of explaining the community structure. The ''Best'' test was associated with the AIC criterion, as better AIC values indicate better models. Also, for assessing the occurrence of C. largillierti, anthropogenic disturbance levels for each site and site locations where the bivalve was found were organized in a bar-line combination chart (Legendre & Anderson 1999 ). All statistical tests were performed with PRIMER-6 þ PERMANOVA softwares, Systat Software, Cranes Software International Ltd. (Ansderson et al. 2008) .
Results
In DistLM analysis indicated that P-total and organic matter have determined C. largillierti distribution with a higher percentage (71%) on the sampling sites (Table 1) . The model has also shown that P-total values significantly influenced the bivalve distribution (49%) when it was related to other environmental variables (Table 1) . The averages calculated for environmental variables demonstrated that groups classified as being of lesser disturbance by cluster analysis also presented lower nutrient concentration averages between the years, such as orthophosphate, total nitrogen, nitrate and nitrite (PERMANOVA: Pseudo-F 1,39 ¼ 23.05; p ¼ 0.001) ( Table 2 ).
Discussion
The occurrence of exotic species has increased over time because of habitat degradation and changes caused by human action (Sargent et al. 2011) . C. largillierti recordings have shown that this mollusk species has reached reservoirs through tributaries, as most of the specimens were observed near confluences.
Recordings of increase in density and in the number of sampling sites with C. largillierti showed colonization progression in only six months (December 2011 to June 2012). Differently from other freshwater bivalve genera, Corbiculidae present high ecological and physiological plasticity, enabling their survival in a wide range of habitat conditions (Lucy et al. 2012) , particularly in disturbed environments. Colonization progress in a short time is a cause for concern, as mollusks may impact the local benthic community , Torre & Reyna 2013 , affecting different trophic levels (Jackson & Britton 2013 ) and provoking algae proliferation and substrate alteration (Everaert et al. 2011 ).
The C. largillierti prefers sites with sandy sediments, as observed in this study and also by Darrigran (2002) in studies performed on La Plata River. C. largillierti was mainly recorded on sites with thick sand sediments, indicating that the mollusk is still at an early stage of colonization; this can be inferred from the fact that interspecific competition will increase together with population and individuals will move to sites where the bottom is muddy (Torre & Reyna 2013) . Species colonization is favoured by resource availability, such as high nutrient concentration (which is generally better for exotic species) , Darrigran 2002 given that C. largillierti is a filter feeder species. This hypothesis is supported by higher concentrations of nutrients in sites with greater disturbance, and in 2012, including some sites near the tributaries. These regions showed variables that facilitate the emergence of mollusk (total N and organic matter), these variables indicate disturbance together explained 71% of species distribution along the reservoir.
In studies performed in reservoirs located in tropical climate regions in Brazil, the presence of the exotic species Melanoides tuberculata (Mü ller 1774) (Caenogastropoda, Thiaridae) has been recorded in sites which presented maximum ecological potential (Molozzi et al. 2013) . However, affected sites have near 97% more M. tuberculata individuals (Schirmel & Buchholz 2013) . A similar observation was made in this work, whereby the exotic species C. largillierti was found in sites with good environmental conditions.
Sites with higher anthropogenic disturbance levels favour exotic species (Sargent et al. 2011) . Apart from altering abiotic conditions and taxonomic composition, invasive species modify functional diversity, which is reflected in alterations of ecosystem functions and changes in productivity. These have consequences for ecosystem services (Schirmel & Buchholz 2013) such as hindering water self-purification capacity (Lorenz & Pusch 2013) .
The occurrence of this mollusk makes it difficult to devise conservation efforts, especially given the transfer of water from the São Francisco River and the history of environmental degradation of the Caatinga biome (Oliveira et al. 2012) . Transposition can bring new exotic species and promote the spread of C. largillierti to other ecosystems (Brasil 2004) . A study conducted by Oliveira et al. (2010) predicted risk of exotic mollusk L. fortunei range the basin of the Rio São Francisco. In October 2015 the forecast has been confirmed, with record mollusk in the low-medium São Francisco river and transposition channel (north axis), according to Centro de Bioengenharia de Espécies Invasoras de Hidrelétricas (CBEIH 2015) . This study provides an important methodology that should be considered for the management of the watershed studied, considering that the clam can reach other reservoirs in the basin, as well as natural ecosystems.
Niche modelling studies (Peterson & Vieglais 2001) , assessment of limiting factors, predicting the potential risk of introducing exotic species , Oliveira et al. 2010 , and management and handling to reduce impacts caused by invasive species should be conducted to support management measures and conservation of aquatic ecosystems. It is important to know when an invader has higher odds of Table 1 . Results of the DistLM (distance-based linear models) analysis, and the environmental variables which contributed to the distribution of C. largillierti). Df (degree of freedom), P (p-value, significance), R 2 (total percentage variation). (Ferrari et al. 2014) . Biomonitoring programs should include metrics of human disturbance, as performed in this study, and functional metrics, given that exotic species promote changes in ecosystem functioning (Lopes-Lima et al. 2014 , Silva et al. 2014 ).
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